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Development of Simple Prediction Method for Injury Severity and Amount of
Traumatic Hemorrhage via Analysis of the Correlation between Site of
Pelvic Bone Fracture and Amount of Transfusion: Pelvic Bleeding Score

Sang Sik Lee, M.D., Byung Kwan Bae, M.D., Sang Kyoon Han, M.D., Sung Wook Park, M.D.,
Ji Ho Ryu, M.D., Ph.D., Jin Woo Jeong, M.D.!, Seok Ran Yeom, M.D., Ph.D.

Department of Emergency Medicine, School of Medicine, Pusan National University, Busan, Korea
'Department of Emergency Medicine, Dong-A University Hospital, Busan, Korea

Purpose: Hypovolemic shock is the leading cause of death in multiple trauma patients with pelvic bone
fracures. The purpose of this study was to develop a simple prediction method for injury severity and amount
of hemorrhage via an analysis of the correlation between the site of pelvic bone fracture and the amount of
transfusion and to verify the usefulness of the such a simple scoring system.

Methods: We analyzed retrospectively the medical records and radiologic examination of 102 patients who
had been diagnosed as having a pelvic bone fracture and who had visited the Emergency Department between
January 2007 and December 2011. Fracture sites in the pelvis were confirmed and re-classified anatomically as
pubis, ilium or sacrum. A multiple linear regression analysis was performed on the amount of transfusion, and
a simplified scoring system was developed. The predictive value of the amount of transfusion for the scoring
system as verified by using the receiver operating characteristics (ROC). The area under the curve of the ROC
was compared with the injury severity score (1SS).

Results: From among the 102 patients, 97 patients (M:F=68:29, mean age=46.7 + 16.6 years) were enrolled
for analysis. The average ISS of the patients was 16.2+ 7.9, and the average amount of packed RBC transfu-
sion for 24 hr was 3.9+ 4.6 units. The regression eguation resulting from the multiple linear regression analysis
was ‘ packed RBC units=1.40 x (sacrum fracture)+1.72 X (pubis fracture)+1.67 x (ilium fracture)+0.36’" and was
found to be suitable (p=0.005). We simplified the regression equation to ‘ Pelvic Bleeding Score=sacrum+pubis
+ilium.” Each fractured site was scored as O(no fracture) point, 1(right or left) point, or 2(both) points. Sacrum
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Conclusion: We developed a ssimplified scoring system for the anatomical fracture sites in the pelvisto pre-
3%

dict the requirement for atransfusion (Pelvis Bleeding Score (PBS)). The PBS, compared with the ISS, is con-
sidered a useful predictor of the need for a transfusion during initial management. (J Trauma Inj 2012;25:139-

144)

had only O or 1 point. The score ranged from O to 5. The area under the curve (AUC) of the ROC was 0.718
Key Words: Pelvic bone fracture, Massive transfusion, Traumatic bleeding

(95% ClI: 0.588-0.848, p=0.009). For an upper Pelvis Bleeding Score of 3 points, the sensitivity of the predic-

tion for a massive transfusion was 71.4%, and the specificity was 69.9%.
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Fig. 1. Flow diagram of patientsincluded in this study



— g4 9 TuE 2
459
2 (Pubis), &= (ilium), #Z(sacrum),
lum), & (ischium) 9]

ate] M= #HE(SI pnt)e] FEE 73%°ﬂ% T %ﬂ

= |
of LI, =2 (symphis pubis)e] E2H -5+
AZe FAHE et & dAlMe 24 R
s, 4] e Afole 04, F5 F & ZT e
ZAFele 14, ¥l e Ade 28s Ttk &
AZL e FEY & glonz FH f5o wt 03
e 13E Fosidth & dAFeA 2o 242 & 4
T BAFHA oA FHEL o] F] EA XA A LA H T
FEHS TH AFE, QE, dE 2 E&dES 8
o' AAste] Ay ARAES AN 39 &+
e A4 7ksAe] JE HFE EF XA H €3
gEdd o3 Ed8g WFE sty AAN Wwie $3
A A& (backward stepwise) 71'HS AFESATH 39 B2
PO AP 4t A4S 5 gAsHeH, 394 2y
o] AvgE Aty f18) R2 BAES A&
oA AR A ] A Edd HFES AR
A TestE dAa AAE ALty pgE A AA
&AM g FES ST F e AE YolRy] ¢

Table 1. Frequency of specific fractures of pelvis.
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receiver operating characteristics:

olg] W3 (area under curve: AUC)

ol &4 FF5 A (injury severity score:
ISS)el] sl #Agk ROC 3419 AUCS} vl atith

TEFHA B HH(95% /\li]—",L

sAZFE 7k,
confidence interval: CI)Z X7|slAth EA E4d &
SPSS 19(IBM Corporation, Armonk, NY, US)E /\]-33}?3\
on, FoaE 005 P W FAZA ool de AL
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1=
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790134t}
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Fracture site No fractures (%) Unilatera fractures (%) Bilateral fractures (%) Total (%)
Sacrum 45 (46.4) 48 (49.5) 4( 4.1) 97 (100.0)
Pubis 11 (11.3) 59 (60.8) 27 (27.8) 97 (100.0)
Ilium 58 (59.8) 36 (37.1) 3(31) 97 (100.0)

Table 2. Relationship between aeg, sex, initial blood pressure, initial hemoglobin, 1SS, injury mechanism and massive transfusion of

more than 10 units of packed red cell.

Transfusion of packed red cell

<10 units >10 units p-value
Age 455+17.6 47.2+14.8 0.625
Sex Male 11 (19.0%) 28 (48.3%) 0.752
Female 4( 6.9%) 15 (25.9%)
SBP* 79.3+24.3 87.0+18.3 0.113
DBP! 40.0+29.3 49.3+215 0.134
Initial hemoglobin 10.3+3.1 11.1+25 0.610
1SS 22.0+8.0 16.7+7.8 0.043
Injury Fall down 6 (10.3%) 15 (25.9%) 0.384
mechanism Pedestrian TA'* 7 (12.1%) 16 (27.6%)
Compression injury 0 ( 0.0%) 9 (15.5%)
Passenger TA 1( 1.7%) 2( 3.4%)
Motorcycle TA 1( 1.7%) 1( 1.7%)

* SBP: systolic blood pressure
' DBP: diastolic blood pressure
t TA: traffic accident
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Total (%)
30 (100.0)
38(100.0)
29 (100.0)

4*(Pelvic Bleeding Score) = & (sacrum)
(fium)

>10 units

3(10.0)

5(13.2)

6 (20.7)
)

(pubis) +

Transfusion of packed red cells
+X]

<10 units
27(90.0)
33(86.8)
p-value
0.08
0.02
0.04
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23(79.3)

p+ SE*

sites by multiple linear regression. Fracture site vari-
1.40+0.79

ables are counted as O for no fracture, 1 for unilatera

fractures, and 2 for bilateral fractures.

Y oung and Burgess class

APC*

LCt

VSt

Fracture sites
Sacrum

Table 3. Relationship between Y oung and Burgess class and massive transfusion of more than 10 units of packed red cells.

Table 4. Association of transfusion requirement and fracture

* APC: antero-posterior compression
' LC: lateral compression
' VS: vertical shear
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Fig. 2. Receiver operating characteristics curve of the Pelvic Bleeding Score (green line) and injury severity score (blue line) predict-
ing massive transfusion of 10 or more writs or packed red blood cells. The Pelvic Bleeding Score was defined as follows:
Pelvic Bleeding Score=sacrum-+pubis+ilium. Fracture sites were counted as O for no fracture, 1 for unilateral fractures, and 2

for bilateral fractures.
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